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Tensorflow 1.3 has arrived! Introducing TensorFlow Research Cloud The 2077 TensorFlow Dev Summit

We're excited to announce the release of TensorFlow 1.3! We're making 1,000 Cloud TPUs available for free to Thousands of people from the TensorFlow community

Check out the release notes for all the latest. accelerate open machine learning research. participated in the first flagship event. Watch the keynote
and talks.

UPGRADE NOW LEARN MORE WATCH VIDEOS




TensorFlow: Dataflow Graphs for Machine Learning

Using datatlow graphs to represent computation.

B (Bias) Add

W (Weight) MatMul
(Matrix Multiplication)

X

Dataflow graph for a linear model (WX+B)




TensorFlow: Dataflow Graphs for Machine Learning

Using datatlow graphs to represent computation.

C O nodes = operations

B (Bias) Add
e.g., mathematical functions,
W (Weight) M constan’Fs (|n|t|ah.zmg values),
(Matrix Multiplication) summaries (‘099”’19 data)
X

Dataflow graph for a linear model (WX+B)




TensorFlow: Dataflow Graphs for Machine Learning

Using datatlow graphs to represent computation.

C O nodes = operations

B (Bias) Add
e.g., mathematical functions,
W (Weight) M constan’Fs (|n|t|ah.zmg values),
(Matrix Multiplication) summaries (‘099”’19 data)
X —P edges = data

Dataflow graph for a linear model (WX+B) multi-dimensional array (tensors)




zeros = tf.zeros([784, 10])
W = tf.Variable(zeros, name="'weights')
tf.histogram_summary('weights', W)

High-level Program

L

Tensorflow

HistogramSummary

weights/Assign weights/read

Zeros weights

Low-level Dataflow Graph
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Tensorrlow |
HistogramSummary
zeros = tf.zeros([784, 10]) weights/Assign weights/read
W = tf.Variable(zeros, name="'weights')
tf.histogram_summary('weights', W)
Zeros weights
High-level Program Low-level Dataflow Graph

Easy to implement models that supports distributed computation,
various kinds of devices, and variety of learning algorithms.
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Tensorrlow |
HistogramSummary
zeros = tf.zeros([784, 10]) weights/Assign weights/read
W = tf.Variable(zeros, name="'weights')
tf.histogram_summary('weights', W)
Zeros weights
High-level Program Low-level Dataflow Graph

Easy to implement models that supports distributed computation,
various kinds of devices, and variety of learning algorithms.

Understanding the graph structure
from the code can be challenging!



Model developers use diagrams to understand and share
high-level structures of their models.
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Typical hand-drawn diagram of a network by a researcher at Google



Model developers use diagrams to understand and share
high-level structures of their models.

Convolution + Max Pooling + Relu Fully Connected Layers Softmax
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Typical hand-drawn diagram of a network by a researcher at Google



Model developers use diagrams to understand and share
high-level structures of their models.

Convolution + Max Pooling + Relu Fully Connected Layers Softmax
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Typical hand-drawn diagram of a network by a researcher at Google

Automatic tool to visualize the model structure?



Standard graph drawing tools
produce cluttered layouts

Sugiyama-style flow layout of a linear model (WX+B)



Standard graph drawing tools
produce cluttered layouts
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Sugiyama-style flow layout of a linear model (WX+B)

TensorFlow's "Hello World"! A



Standard graph drawing tools
produce cluttered layouts

Sugilyama-style tlow layout ot a convolution network




TensorFlow

Graph Visualizer

Help TensorFlow developers understand
and inspect the structure of their models



Low-level
Dataflow Graph

TensorFlow

Graph Visualizer

Graph
Transformations

High-level
Interactive Diagram

Yy



TensorFlow Graph
Visualizer

Visualizing Dataflow Graphs
of Deep Learning Models
in TensorFlow
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TensorFlow Graph
Visualizer

Visualizing Dataflow Graphs
of Deep Learning Models
in TensorFlow

Explore a Convolutional Network
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A dataflow for
training a convolution network
for image classification
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Strategy 1. Extract Less Important Nodes

Related: Dunne & Shneiderman 2013, Van Ham & Wattenberg 2008
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(for logging data)
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Extract Less Important Nodes

Some operations are common, but do not help distinguish ditfterent models.

weights/Assign weights/read
zeros O— —m HistogramSummary

weights

Constants and summaries always connect to only one other operations.
Extracting them do not change path between other nodes




Strategy 2. Build a Hierarchical Clustered Graph

Related: Archambault et al. 2008, Gansner et al. 2005, Balzer et al. 2007




How do we group the nodes?
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User can give nodes
W = tf.Variable(zeros, name="weights') a directory—like namespace
(originally tfor non-visual debugging)
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User can give nodes
W = tf.Variable(zeros, name="'weights') a directory—like namespace
(originally tfor non-visual debugging)

weights/Assign weights/read
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(weights)




Let Users Specify Hierarchy to Group Nodes

Names are optional but easy to add.
Plus, users already used names with non-visual debugging tools.

weights —

read

—>m HistogramSummary

(weights)




Bundle All Edges between Groups

train
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Bundle All Edges between Groups

rain
Bundle All Edges from

«— Train to Weights

HistogramSummary




Bundle All Edges between Groups

. Faster Layout Calculation
train Bundle All Edges from (recursively calculate

layout for each group)




Bundle All Edges between Groups

. Faster Layout Calculation
train Bundle All Edges from (recursively calculate

«—— Train to Weights layout for each group)
welghts @ Make layout stable
Assign read on expansion

—>m HistogramSummary

(weights)




Bundle All Edges between Groups

. Faster Layout Calculation
train Bundle All Edges from (recursively calculate

«—— Train to Weights layout for each group)
welghts @ Make layout stable
Assign read on expansion

—>m HistogramSummary

(weights) Reduce edge crossing
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High-degree nodes at the end (and start) connect to all core layers.
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Feedback Sources

1) Structured questionnaire for internal users at Google
2) Mailing list conversations

3) Public feedback trom online articles
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Usage Pattern: Inspecting New Models

'"Understand what my code actually produced.
We had layers of functions and configs...
it's good to verify that we got what we intended”

“Find the name of a tensor so that | could do further exploration
(like seeing the evolution of a particular input)”




Usage Pattern: Using Screenshot to Explain Models

TensorFlow ™ Insta Develop APIr1.3 Deploy Extend Comrmunity Versions ‘ GITHUB

GET STARTED PROGRAMMER'S GUIDE TUTORIALS PERFORMANCE

Here is a graph generated from TensorBoard describing the inference operation: Contents
Tutorials Ovarvisw
Ueing GPUe Goals
- toﬁmu.llmu)
R ( Highlights cf the
How to Retrain Incepticn’s Final Layer Tutorial
for New Categories Model Architecture
A Guide to TF Layers: Building a ( locald ) _—
Convolutional Neural Nztwork Gode Gigarization

Convolutional Neural Networks CIFAR-10 Model

Vector Representations of Words [ — ) Model Inputs
oca .
Recurrent Neural Networks Model Prediction
Sequence-to-Sequence Models Model Training
; ; Launching and Training
Large-scale Linear Models with o
TensorFlow

TensorFlow Linear Mocel Tutorial Evaluating a Model

=0k

Training a Model Using
Multiple GPU Cards

Placing Variables and
Operations on Devices

TensorFlow Wide & Deep Learning
Tutorial

Improving Linear Models Using Explicit
Kerael Methods

Mandelbrot Set
Partial Differential Equations

Launching and
Training the Model on
Multiple GPU cards

Next Steps
TensorFlow Versions

EXERCISE: The output of inference are un-normalized logits. Try editing the network architecture to return
normalized predictions using tf.nn.softmax.

TensorFlow's Official Tutorials




Usage Pattern: Using Screenshot to Explain Models

w I L D M L “s\\ Questions DeveloperJobs Tags Users Search...
Artificial Intelligence, Deep Learning, and NLP
okl | see the placeholders connected correctly to the rest of my graph
4 =\
params ~
Home Al Newsletter Deep Learning Glossary Contact About Kpep_prob_lat
O 2.»3.\‘..
kpep-prob_€arieg ;. serc
s 1.00v L.
DECEMBER 11, 2015 BY DENNY BRITZ kPeD_Dr(-b‘_lnelmmms“
Implementing a CNN for Text Classification in TensorFlow ™
'\ o ,1 [~ accuracy and | see all of the corresponding computed values too
N\
ol 1 , param vals =
o cutput |
g / o\ ( ~Ve o)
keep_prob_later_val keep_prob_early_val keep_prob_input_val
(T N OCR) Sub Sub Sub
. dropout ] xO—> » [TH scatarsu x O+ >[I} scatarsu 10—+ >[I} scalarsu
\\ \\ \\
crozout kexp_prob Reshope
- B O ge? greoaL_s... 200 {Ex;:omntlabecay) govaLs... S0 -(Exponemlaloecuy) glocal_s... S0 {Exponemlaloecay)
cancet AN : g
wocad O= J
s but the latter don't connect to the former.
conv-maxpool-s) [com'-maxpooH [conv-maxpool-s)
: Is this the expected be behavior? Is there a way to capture in the TensorBoard visualization of my
' graph the fact that the computed values are used te fill the corresponding placeholders?
. embedding ]
IRt x If there's no way to connect the computed values to the graph, why show them? And why other
o computed values appear correctly. For example, my computed momentum values, wnich are
defined just like the above fad dropout values

3rd Party Articles StackOverFlow Questions




Usage Pattern: Rename Nodes to Improve Visualization

Many users iteratively rename until the visualization match their
mental model, especially when sharing with others.




Usage Pattern: Rename Nodes to Improve Visualization

Many users iteratively rename until the visualization match their
mental model, especially when sharing with others.

Make Your Tensorflow Graph Readable 3 YouTube Search Q

.....
a0

\\\\\\

vanpul

odi=nt

CCELTI IS Y

Mt eos wdoe

P »l o) 13:00/1343

Tensorflow tutorials for beginners, 5: organize your graphs: name scopes

uuuuuuu

799 views s o §' 1 A SHARE = ees
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Public Feedback:
Model Visualization is a key feature of TensorFlow

"One of the main lacking areas of almost all open source Machine
Learning packages, was the ability to visualize model and follow the
computation pipeline" - Quora

"We believe visualization is really fundamental to the creative process
and our ability to develop better models. So, visualization tools like
lensorBoard are a great step in the right direction.” - Indico
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Visualization can play many important roles for machine learning
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Build your own Machine Learning Visualizations with the new

TensorBoard API
Monday, September 11, 2017

Posted by Chi Zeng and Justine Tunney, Software Engineers, Google Brain Team

When we open-sourced TensorFlow in 2015, it included TensorBoard, a suite of visualizations for
inspecting and understanding your TensorFlow models and runs. Tensorboard included a small,
predetermined set of visualizations that are generic and applicable to nearly all deep learning
applications such as observing how loss changes over time or exploring clusters in high-
dimensional spaces. However, in the absence of reusable APIs, adding new visualizations to
TensorBoard was prohibitively difficult for anyone outside of the TensorFlow team, leaving out a
long tail of potentially creative, beautiful and useful visualizations that could be built by the
research community.

To allow the creation of new and useful visualizations, we announce the release of a consistent set
of APls that allows developers to add custom visualization plugins to TensorBoard. We hope that
developers use this API to extend TensorBoard and ensure that it covers a wider variety of use
cases.

We have updated the existing dashboards (tabs) in TensorBoard to use the new API, so they serve
as examples for plugin creators. For the current listing of plugins included within TensorBoard, you
can explore the tensorboard/plugins directory on GitHub. For instance, observe the new plugin that
generates precision-recall curves:
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Visualizing Dataflow Graphs of
Deep Learning Models in TensorFlow

Kanit “Ham"” Wongsuphasawat, Daniel Smilkov, James Wexler, Jimbo Wilson,
Dandelion Mané, Doug Fritz, Dilip Krishnan, Fernanda B. Viégas, Martin Wattenberg
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